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^ Novel lysozyme-sensrtive microorganism. 



@ A novel lysozyme-sensitive microorganism belonging to 
the genus Corynebacterium or Brev/bacterium and having e 
sensitivity to lysozyme at a concentration of less than 2S 
|ig/ml is provided from selected mutants. This novel microor- 
ganism is especially suitable for use in recombinant DNA 
technology. 
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Kyowa HakJco Kogyo Co. , Ltd. , Tokyo, Japan 
" NOVEL LYSOZYME-SENSITIVE MICROORGANISM " 

Background of the Invention 

The present invention relates to a novel lysozyme- 
sensitive microorganism belonging to the genus Corvnebacte- 
riuro or Brevibacteriim , a process for' preparing protoplasts 
from the microorganism, a process for transforming the micro- 
organism, a process for lising the microorganism as a host in 
recombinant DNA technology , and the obtained transf ormants. 

•Lysozyjne-sensitive microorganisms belonging to the 
genus Corynebacterium or Brevibacterium have been known 
(Japanese Published Unexamined Patent Application No. 
122794/79/ etc.). However, the microorganisms of the pre- 
sent invention are more lysozyme-sensitive than those of the 
Japanese Patent Application, and therefore useful for gene 
engineering stuaies as hereinafter described. 

Detailed Description of the Invention 

The present novel lysozyme-sensitive microorganism 
is a microorganism belonging to the genus Corynebacterium 
or Brevibacterium and having a sensitivity to lysozyme at a 
concentration of less than 25 yg/ml. The microorganism of 
the present invention can be converted to protoplasts 
treating it only with lysozyme under hypertonic conditions 
to remove the cell wall, without pretreatment with a drug 
such as an antibiotic during growth. 

Recently, the genetic engineering techniques of 
inserting a foreign gene in plasmid or phage DNA in vitro 
and introducing the resultant recombinant DNA into host 
cells have attracted attention. . 

The transformants obtained by this technology are 
important as a means to produce the foreign DNA by the 
autonomous replication of the recombinant DNA and to endow 
the cell with valuable properties due to the presence of the 
foreign DNA. 
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Most of the research in this field hhs been 
carried out using Escherichia coli as a host, and attempts 
have also been made to establish "recombinant DNA technology" 
with .other industrially important microorganisms than 
5 Escherichia coli , such as Bacillus subtilis capable of 

producing amylase, etc., actinomyces capable of producing 
antibiotics, etc., yeasts capable of producing alcohol, etc. 

In genetic engineering, it is necessary to isolate 
plasmids for preparation of vectors and analysis of a hybrid 

10 plasmid wherein foreign DNA is inserted. To this, end cells 
must be ruptured first." The rupture must be carried out 
under mild conditionsto avoid shearing of DNA. Thus, 
mechanical rupturing such as ultrasonication and French 
press is unsuitable, and usually a procedure using a* cell 

15 wall-lytic enzyme is used. Lytic enzymes suitable for each 
of the aforesaid microbial species on which research of 
recombinant DNA is made have been known and are used. 

The cell walls of bacteria such as Escherichia 
coli or Bacillus subtilis can be readily removed with 

20 lysozyme, i.e. an enzyme capable of lysing cell walls of 

bacteria. However, there are some bacteria whose cell walls 
sire hardly lysed with lysozyme. For these bacteria, such a 
procedure has been used that the bacterium is contacted 
with a high concentration of an amino acid such as glycine 

25 or with an antibiotic such as penicillin during growth to 

render cells lysozyme-sensitive, and the resulting bacterium 

is treated with lysozyme. 

The bacteria species belonging to the genus 
Cor ynebacterium or Brevibacterium , which are used in indus- 

30 trial production of various amino acids such as glutamic 

acid and lysine, usually have cell walls that are resistant 
to lysozyme. -Therefore, such a procedure for removing the 
cell walls as mentioned above has been so far used for 
these bacteria species, that is, the cells are treated first 

35' with an antibiotic such as penicillin during the growth and 
then with lysozyme. However, the procedure is complicated 
and has the additional disadvantage that the regenerating 
ability of the resulting protoplast is low. 
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To establish a recombinant. DNA technology in 
useful bacteria such as those belonging to the genus 
Corynebacterium or Brevibacterium y the present inventors 
have been investigating processes for removing the cell 
walls of these bacteria. The present inventors studied a 
process for removing cell walls with lysozyme, using lysozyme- 
sensitive strains of the bacteria species belonging to the 
genus Corynebacteriim or Brevibacterium disclosed in Japsmese 
Published Unexamined Patent Application No. 122794/79, 
114293/80 or 42593/81. However, the cell walls of the 
strains were not removed with lysozyme without pretreatment 

with penicillin, etc. as in the case of the lysozyme- 
insensitive strains. As a result of further study, the 
present inventors have found that the cell walls of lysozyme- 
ultrasensitive strains, which have a much higher sensitivity 
to lysozyme than the lysozyme-sensitive strains disclosed 
in the above-mentioned Japanese Application, can be lysed 

with lysozyme without any pretreatment with penicillin, etc. 
Furthermore, the present inventors have found that plasmids 
can be easily extracted from these lysozyme-ultrasensitive 
cells, and the regenerating ability of protoplasms formed by 
the lysozyme treatment is high, so that the transformation 
of the protoplasts by DNA can be efficiently carried out. 
The present invention has been completed on the basis of 

these findings. 

The lysozyme-sensitive strains of the present 
invention can be obtained by subjecting lysozyme-insensitive 
strains (for example, wild-type strains) or the lysozyme- 
sensitive strains of the genus Corynebacterium or Brevi- 
bacterium to mutation treatment (hereinafter, the lysozyme- 
sensitive strains of the present invention are referred to 
as "lysozyme-u'ltrasensitive strains" ). Conventional mutation 
procedures, for example, ultraviolet irradiation, y-ray 
irradiation, chemical mutagenesis and the like can be used. 
In selecting lysozyme-ultrasensitive strains from mutagenized 
cells, it is necessary to select those which fail to- grow in 
a medium containing lysozyme at a very low concentration 
(less than 25 pg/ml) , in which the parent strains can fully 
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grow, and which can grow in a medium containing no lysozyme. 

Examples of the present microorganisms include the 
L-15 strain (FERM P-5946) derived from Corynebacterium 
qlutamicum 225-106 (FERM P-5945) , L-103 strain (FERM P-5947) 
derived from Corynebacterium herculis ATCC 13868/ I.-204 
strain (FERM F-5948) derived from Brevibacterium divaricatum 
ATCC 14020 and L-312 strain (FERM P-5949) derived from 
Brevibacteri\3m lactoferroentum ATCC 13655. These lysozyme- 
ultrasensitive strains were deposited with the Fermentation 
Research Institute and assigned the accession numbers 
mentioned above, and further deposited with the American 
Type Culture Collection, USA under the accession numbers 
ATCC 31834, 31833, 31866, 31867 and 31868, respectively. 

The 225-106 strain named " Corynebacteriiam glutamicua" 
is a strain isolated from a soil sample and has the follow- 
ing bacteriological properties. Investigation of the bacte- 
riological properties was conducted according to the procedure 
•described in -Manual of Microbiological Methods" by the 
society of American Bacteriologist Committee on Bacteriolo- 
gical Technique (1957) . 

I. Morphological characteristics of cells 

usually ellipsoidal or short rods of 0.7-1.0 by 
1.0 - 3.0 y; Pleomorphic due to snapping division and 
branching cells, Gram positive; Non-motile; Non-spore- forming. 

II Culture characteristics on a rich nutrient medium 

On an agar plate, a single, circular, lustrous and 
pale yellow colony; On a slant, a similar pale yellow opaque 
colony; On an agar stab, abundant growth on surface and 
slight growth in deep; In a liquid medium, slight growth 
and slightly flocculent sediment. 

III Physiological characteristics 

' 1) Temperature : optimum temperature 25 - 

37*C; growth occurs 
slightly at 42 •C 
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2 ) pH : optimiam pH 7 - 8 ; 

growth occurs at pH 6 - 9 

3} Thermal resistance : none 

4 ) Beguirenent of free oxygen - aerobic 

5) Gelatin liquefaction : none 

6) Assimilation of casein: negative 

7) Indole production : none 

8) Catalase : positive 

9) Assimilation of starch : negative 

10) Acid production from glucose ^ fructose / mannose 
and maltose; non-acid production from xylose, 
galactose, lactose and glycerol 

11) Requirement of biotin : positive 

12) Glutamic acid is accumulated in a large quantity 
in a medium wherein the amount of biotin is 
restricted. 

13) Lactic acid and a*ketoglutaric acid are accumulated 
in a medium containing biotin in a high concentra- 
tion. 

ft 

These characteristics are compared with those of 
bacteria disclosed in J. Gen. Appl. Microbiol., 72# 279 - 301 
(1967). Since the characteristics coincide well with those 
of Corynebacterium glutamicum , the 225-106 strain is identi- 
fied as a strain of Corynebacterium glut ami cum . 

An example of a procedure for obtaining a lysozyme- 
ultrasensitive strain of the present invention from a 
lysozyme-inserisitive or sensitive strain of the genus 
Corynebacterium or Brevibacterium is described below. 

A parent strain is inoculated in a nutrient medium 
and cultured at 20 - 35®C with shaking. Culturing is dis- 
continued in the course of the logarithmic growth phase. 
The cells are collected, washed with physiological saline 
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solution and then suspended in an appropriate buffer solution 
(pH 5.5-8.0), for example, M/20 Tris-maleate buffer (pH 6.0) 
in a concentration of 1 x 10^ - 1 x 10^ cells/ml. TO the 
resulting suspension is added nitrosoguanidine in a final 
concentration of 200-500 pg/ml and the mixture is allowed 
to stand at 20 - 35*0 for 30 minutes to 1 hour. 

The cells are collected by centrifugation, washed 
with the same buffer and suspended in physiological saline 
solution. A certain amount of the suspension diluted with 
physiological saline solution is spread on a nutrient agar 
medium, for example, NB agar medium (meditsm containing 1.8% 
agar in NB meditun which contains 20 g of bouillon powder and 
5 g of yeast extract in 1 I of water) . After incubation at 
25 _ 35 •c for 1 to 4 days, the formed colonies are replica- 
plated to a nutrient agar medium and a nutrient agar medium 
containing 2.5-25 yg/ml lysozyme. The replica plates are 
incubated at 25-35'*C for 1 to 4 days, and then those colonies 
which can grow on the nutrient agar medium but not on the 
nutrient agar medium containing lysozyme are kept as lysozyme- 
ultrasensitive mutEuits. 

All the aforementioned lysozyme-ultrasensitive 

strains are obtained in tliis way. 

The lysozyme-sensitivity of the lysozyme-ultra- 
sensitive mutants can be determined by inoculating a drop 
of cell suspension containing about 10* cells of the mutant 
in the logarithmic phase of growth on NB agar medium con- 
taining lysozyme in a series of two-fold dilution and by 
observing the growth after incubation at SO-C for 2 days. 

A minimal lysozyme concentration at which no growth 
Of a given microorganism is observed is taken as a lysozyme 
sensitivity of the microorganism (minimum inhibitory concen- 
tration) , and* the comparison of sensitivity of the mutants 
with that of the respective parent strains is given in 
Table 1. 

The lysozyme-ultrasensitive mutants of the present 
invention are obtained by selecting the strains unable to 
grow on the NB agar medium containing 2.5-25 yg/ml lysozyme. 
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as described above, whereas the lysozyme-sensitive mutants 
of bacteiMa species belonging to the genus Corynebacterium 
or Brevibacterium disclosed in Japanese Published Unexamined 
Patent Application No. 122794/79, were obtained by selecting 
5 the strains unable to grow on the NB agar medium containing 
200-^ 400 pg/ml lysozyme. Thus, these two seem to have a 
•possibility of being essentially different in properties. 
Although the lysozyme sensitivity of the parent strains used 
in these two experiments as measured by the method described 

10 above are almost comparable, between 400 and 800 vg/ml, that 
of the resultant mutants dif fersconsiderably . That is, the 
sensitivities of the mutants of the present invention is 
1.6-3.2 ug/ml, whereas that of the mutants of the Japanese 
Patent Application is 25-400 yg/ml. Furthermore, as will 

15 be explained below, the lysozyme-ultrasensitive mutants of 

the present invention have advantages due to the high lysozyme 
susceptibility of their cell walls, which can be lysed without 
pretreatment with penicillin, whereas the lysozyme-sensitive 
mutants of the Japanese Patent Application have no such 

20 characteristics. Thus, it is apparent that the lysozyme- 
ultrasensitive strains are distinct from the lysozyme- 
sensitive strains. 
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Table 1 



10 



15 



20 



Strains 

Corynebactieriuni 
crlutamicum zzS^lOB 

Corynebacterium 
qlutamicum li-IF 

Corynebacterium 
hercttlis ATCC 13868 

Corynebacteriiam 
herculxs I>-103"^ 

Brevibacterium 
divaricatum ATCC 14020 

Brevibacterixm 
divarlcatuin L-"204 

' Brevibacterium 
lactof erment-tiiti 
ATCC iSbSs 

Brevibacterium 
lactor erinentum L-312 



FEBM P ATCC 



5945 
5946 



31833 
31834 



5947 



31866 



5948 



31867 



5949 



31868 



Lysozyme sensiti- 
vity, minimxim inhi- 
bitory concentra- 
tion (MIC, yq/ml) 

800 



3.2 
400 

3.2 
800 

1.6 
400 

• 3.2 



25 



30 



The usefulness of the present microorganisms 
whose cell walls can be easily lysed and removed by lysozyme 
resides in that 1) efficient transformation of protoplasts 
by UNA is possible due to the high regenerating ability of 
the protoplasts and 2) extraction of DMA such as plasmidDNA 
from the cells can be easily made. 

The transformation and the extraction are described 

in detail below. 
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1) Preparation of protoplasis from the lysozyme- 
ultrasensitive mutants and transformation of the protoplasts 
g by DNA 

Protoplasts can be prepared by treating the cultured 
cells only with ly50zyme%. Any medium wherein the inventive 
microorganisms propagate may be used. For example, NB medium 
can be used. Microorganisms are inoculated onto a mediiam 
10 3^d cultured at 25- 37**C with shaking up to the middle to 

late in the logarithmic phase of growth. The cells are 
.collected and suspended in an appropriate hypertonic mediuia 
containing 0.2-10 mg/ml lyspzyme. An example of the hyper- 
tonic medium is^ PFM medium containing 0.4 M sucrose and 0.01 M 
15 MgCl2*6H20 in two-fold diluted SSM medium and being adjusted 
to pH 7.0- 8.5. The SSM medium consists of 20 g of glucose, 
10 g of (NH^)2SO^' 3 g of urea, 1 g of yeast extract, 1 g 
of KHjFO^/ 0.4 g of MgClj -61120, 10 mg of PeS0^.7H20, 0.2 mc 
*of MnSO^-4-6H20, 0.9 mg of ZnS0^.7H20, 0.4 mg of CuS0^.5H20, 
20 0.09 mg of Na2B^O^.10H2b, 0.04 mg of (NH^) gMo^024-4H20, 

30 yg of biotin, and 1 mg of thiamine hydrochloride in 1 £ of 
water and is adjusted to pH 7.2. Normal cells are gradually 
converted to protoplasts during incubation at 30 - 37*C, and 
the degree of the conversion can be monitored under ah 
25 optical microscope. The time necessary for the conversion 
of most of the cells to protoplasts depends upon the strain 
' used, and usually is 0.5-8 hours under the above-mentioned 
conditions. After the lysozyme treatment, the number 
normal cells resistant to hypotonic condition is less than 
lO"* of the initial number of the normal cells subjected to 
the lysozyme treatment. 

The protoplasis thus prepared have the ability to 
form colonies (regenerating ability) on a hypertonic agar 
medium. An example of a hypertonic agar medium is a medium 
containing 13 g/l agar in RCGP medium [a medium containing 
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5 9 of glucose, 5 g of casein hydrolyzate, 2.5 g of yeast 
extract, 3.5 g of K^^O^, 1-5 g of KHjPO^, 0.41 g of MgCl2- 
SH^O, 10 rog of FeSO^.VHjO, 2 mg of MnSO^ .4-6H2O, 0.9 mg of 
ZnSO^.THjO, 0.04 mg of (NH^) gMo^024-4H20, 30 yg of biotin, 
5 2 mg of thiamine hydrochloride, 135 g of disodiiim succinate, 
and 30 g of polyvinylpyrrolidone (molecular weight: 10,000) 
In 1 £ of water and being adjusted to pH 7.2]. -Regeneration 
of protoplasms on .rcgp agar medium depends upon the strain 
used, and -the concentration and time of lysozyme treatment, 
10 and the efficiency of regeneration is usually 20- 70% on 

the basis of the initial nuniber of normal cells subjected 
to the lysozyme treatment. The time required for observable 
regeneration of colonies depends upon the strain used, and 
it usually takes 5-7 days for the colonies to become large 

15 enough to pick up. 

Transformation of the protoplasts obtained from 
the microorganisms having the above-mentioned characteristics 
is carried out by mixing the protoplasts with DNA under 
hypertonic conditions and in the presence of polyetlTyleneglyooL (EBG) 

20 ^ polyvinyl alcohol and divalent metal cations. 

Transformants can be obtained as normal cells by 
regenerating the protoplasts in or on a hypertonic agar medixim such 
as RCGP agar medium in the same manner as in the regenera- 
tion of the protoplasis mentioned above. Transformants can 

25 be selected on the basis of phenotypic properiiies which 

genes on the introduced DNA provide . The selection can be 
made In or on a hypertonic agar medixmi simultaneously with 
the regeneration r or after the regeneration. 

In the transformation of the protoplasis by plasmid 

30 DNAs according to the foregoing procedure, transformants 

can be obtained with a frequency of lO" - lo" per regener- 
ated cell. 

Transformation is described in detail ±n the 
examples shown below « 
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2) isolation of plasmid DNA f rom transformant 

The microorganism is cultured in a medium suitable 
for propagation of the microorganism, for example, NB medium, 
collected and treated with lysozyme to lyse the cell walls. 
Plasmidscan be easily isolated from the lysate according to 
the ordinary procedure as described, for example, in Biochim, 
Biophys. Acta 383 457- 463 (1975). 

Suitable concentration of lysozyme depends upon 
the strain used, and is usually 0.1-10 mg/ml. 

Application of recombinant DNA technique to the 
bacteria species of the genera Corynebacterium and Brevi- 
■ bacterium , which are used in the industrial production of. 
various amino acids such as glutamic acid, lysine, etc., 
has such 'a possibility that genes taking part in biosynthesis 
of useful substances such as amino acid, etc. from these 
bacteria and other microorganisms can be cloned to intensify 
the biosynthetic activities by the amplification of the 
genetic information, thereby increasing the production of 
useful substances. Also the genes of animalsand plants can be 
cloned, so that useful polypeptides can be produced in these 
bacteria species by the expression of the genetic informa- 
tion. Thus the application has tremend ous industrial poten- 
tial. The lysozyme-ultrasensitive microorganisms of the 
present invention enable extractive separation of DNA such 
as plasmid, etc. from the cells and transformation Qf the 
cells by DNA, and therefore can facilitate application of the ' 
recombinant DNA technique to the genera Corynebacterium and 
Brevibacteritan . 

The present inventors have further iound that=%he 
microorganisms of the present invention are useful as saf e.% 
host microorganisms in the recombinant DNA technology. 

It is prerequisite for recombinant DNA techniques . 
to establish a safe host-vector system. This requires very 
low pathogenicity, no parasi tic relationship to humans, and rapid 
loss of viability when released into the environroent. . -T^ 



Escherichia coli , the first hostl'^xn this technology, is by nature 
a parasite to humans, and its safety has long been 
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discussed. However, at least strain K-12 cultured in 
laboratories for a long period of time was found to have 

considerably reduced parasitic tendencies and pathogenicity 
and has been approved as B 1 host. It is reported that, 
when the K-12 strain was administered to hiamanS/ 
the microorganism could be recovered from the body over a 
period of a few days with an overall recovery of about 1% 
[Science 209 391-394 (1980)1 

In extending the recombinant DNA technique to 
microorganisms capable of producing amino acids, nucleic 
acids, antibiotics, etc., it is necessary to establish safe 
host- vector system. Most of the relevant microorganisms 
are isolated from soils and thus their parasitic relation- 
ship to humans is regarded as low, but some may survive the 
conditions prevailing in the digestive tract of the human body, 
though not colonizing it, and might be recovered alive. 
To increase the safety of such strains, the property of 
- perish ing in the digestive tract can be artificially 
endowed on the strains, in the case of a B 2 host, such a 
weak property as perishing v4ien released into the envixciiment has been 
endowed. . 

It has been foiuid that the lysozyme*!-ultrasensitiye 

microorganisms of the present invention perish much more 

readily in thedigestive tracts of animals, when tested 

therein. That is, the microorganisms shown ±n Table 2 were 

9 

orally administered at a dose of about 3 — 5 x 10 per male 
ddY mouse (body weight: 19 g ± 1} , each group consisting 
of two mice. The number of microorganisms remaining in the 
intestines and the number of microorganisms discharged with 
feces were measured by spreading appropriately diluted 10% 
homogenates each thereof on NB plate medium. As is apparent 
from Table 2, 'the lysozyme-ultrasensitive microorganisms 
of the present invention perish:.in a considerable degree, and are^ 
discharged, as compared with the parent strains, and the nximber 
of the microorganisms remaining in the intestines is also 
more rapidly decreased. 
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Recovery % 


Mi c r oorg ani sms 
used 


Ir 


i feces 


In intestines 


* hovirs 
0- 20.5 


1 hours 
20.5-43.5 


** hours 
20.5 


hours 
43.5 


Corvnebacterium 


53.8 


0.08 


5.7 X 10~^ 


—10 


glutamicum 
' 225-106 . 


Corynebacteriiam 


4.3 


<9.3-x 10~^ 


<1.3x 10 ' 


<8.7xl0 


glutamlcum 
, L-15 


Corynebacterium 


44.5 


0.05 


4.6x10 ' 


<8.5xl0 


ATCC 13868 


Corynebac te rium 


3.4 


<8.7x 10"^ 


<1 X 10 ^ 


<7.3xl0 


herculxs 
L-103 


Corvnebacterium 


57.2 


0.09 


6.4 X 10"^ 


<8.7xl0~^® 


divaricatum 
• ATCC 14020 


Corvnebacterium 


7.4 


<8.9 X 10~^ 


<l.lx 10"^ 


O.lxlO"^® 


divaricatum 


Brevibacterium 
lactof ermentuin 
ATCC 13655 


64.5 


O-.l 


4.3 X Ip"*'' 


<8.2x*10"^. 


Brevibacterium 
lactof ermentum 
E-312 


5.6 


<7.4xl0~^ 


<8.4x 10"^ 


<2.3x 10"^ 



10 



15 



20 



25 



30 



35 



* Time after the administration of the relevant micro- 
organism. Column "0-20.5" shows the recovery of 
microorganisms (% of the given microorganisms) in 
total feces from zero hour (the time of administration) 
up to 20.5 hours. 

** Cbluxon "20.5 hours" shows the recovery of micro- 
organisms in the intestine removed from mice at 20.5 
hours . 
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The present inventors have studied the sensiti- ' 
vities of a lysozyxne-ultrasensitive strain toward various 
drugs. A drop o€ the cell suspension corresponding to about 
10^ cells in the logarithmic phase of growth is inoculated oti 
gn NB agar medium containing a test drug in a twD-fold serial 

dilution. After incubation at 30**C for 2 days, the 
growth of each inoculum was. scored. As shown in Table 3, 
it was found that the strain L-15 is more sensitive to 
penicillin/ rifampicilin and of course to lysozyme than its 
parent 225-106. This suggests that 'these lysozyme-ultra- 
sensitive strains are more readily killed or inhibited from 
.growing than their parents^ and therefore the antibiotic 
resistance conferred to host cells by plasmid vectors will 
be counterbalanced. 





Table 


3 






Sensitivity to drugs {*MICr ug/ml) 




lysozytne 


penicillin G 


r if cmpicilin 


Corvnebacteritan 
cflutamxcum ^^:^-106 


800 


0.12 


0.016 


Corvnebacterirati 
c^lutamicum i-ib 


3.2 


0.015 


0.004 



25 



* MIC : Minimum inhibitory concentration 



As described above, the present lysozyme-ultra- 

sensitive microorganisms are considerably easier to destroy in the 

30 digestive tract of animals, and are highly sensitive to 

various drugs. This shows that the present nuLcroorganisns 

are preferable as host microorganisms for recombinant b:iA. 
• * • 

Example 1 ^ ' ' t 

35' Corynebacterium glutamiciam 225-106, Corynebacterium 

herculis ATCC 13868, Brevibacteriuro divaricatum ATCC 14020, 
and Brevibacteriuro lactof ermenttim ATCC 13655 are inoculated 
in NB medium (pH 7.2), and cultured at 30**C with shaking. 
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The growth is terminated in the middle of the logarithmic 
phase of growth, anS^ells are collected, washed with physio 
logical saline solution, and then suspended in M/20 Tris- 
maleate buffer (pH 6.0) to make about 5 x 10^ cell/ml. 

The suspensions are mixed with nitrosoguanidine 
to make a final concentration of 400 pg/ml, and allowed to 
stand at 2S°C for 30 minutes. The cells are collected by 
centrif ugation , washed with the same buffer, and then 
"suspended in physiological saline solution. The suspension 
is appropriately diluted with the saline and spread on 
NB-agar medium. Incubation is carried out at 30**C for 2 
days and the resultant colonies are replica-plated to NB- 
agar medium with or without 12.5 yg/ml lysozyme (egg .white, 
6 X crystallized, made by Seikagaku Kogyo Co., Ltd.). 
The replica-plates are incubated at 30^C for 2 days and then 
those colonies which can grow on the NB medium but not on 
the HB medium containing lysozyme are kept as lysozyme-ultra- 
sensitive mutants. 



Table 4 



Parent strains 


Ly sozyme-ultrasensi ti ve 
mutant strains 


Corynebacterium glutamicum 


Corynebacterium glutamicum 


225-106 . 


L-is 


Corynebacterium herculis 


Corynebacterium herculis 


ATCC 13868 


L-i03 


Brevibacterium divaricatum 


Brevibacterium divaricatum 


ATCC 14020 


L-204 


Brevibacterium 


Brevibacterixam 


lactof ermentum ATCC 13655 


lactof ermentiam L-312* 



Example 2 

Lysis and removal of cell walls of the micro- 
orgeuiisms of the present invention by lysozyme and regenera- 
tion of the protoplasts formed. 
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Seed cultures of Corynebacterium glutamicum 
225-106, Corvnebacterium herculis ATCC 13868, Brevibacterium 
devaricatum ATCC 14020, Brevibacterium lactofermentum ATCC 
13655, and the lysozyme-ultrasensitive mutant strains 
obtained in Example 1 by derivation therefrom are respec- 
tively inoculated onto NB medium and cultured at 30-C with 
shaking. Absorbancy (OD) at 660nmis measured with a colori- 
meter made by Tokyo Koden Co. A small portion of the culture 
is appropriately diluted with physiological saline solution 
when OD reaches 0-6. An aliquot of the diluted solution is 
spread onto NB agar medium to determine the cell number. 
At the same time cells are harvested from the culture broth 
and suspended in a medium (pH 7.6) containing 1 mg/ml 
lysozyme 'in RCGP medium to make the cell density about 10^ 
cells/ml. The suspension is transferred to an L-shaped 
test tube and incubated at 30»C with gentle^ shaking. 

Five hours thereafter, cells are recovered by 
centrifugation at 2,500 x G for 10 minuteis, suspended in 
"pFM medium, twice washed by centrifugation and resuspended 
in PFM medium to prepare? protoplast suspension. A portion . 
of the suspension is appropriately diluted with RCGP medium, 
and spread onto RCGP agar medium, while another portion is • 
aporopriately diluted with physiological saline solution, 
and spread onto NB agar medium. They are cultured at 30-C 
to determine the number of colony-forming cells under 
hypertonic conditionsas well as under hypotonic condi- 
tions The number of colonies formed under hypotonic 
conditionsis measured on the second day of culture (the 
number does not ' increase with further incubatxon) . The 
number of colonies formed under the hypertonic condxtions^s 
measured on the seventh day of the culture after which 
the number of regenerated colonies increases no further. 
The results are shown in Table 5. 
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Strains 


Number of lyso- 
zyme-treated 


Number of colony-forming 
cells after lysozyme 
treatment 




cells (cfu/ml) 


Hypotonic 


Hypertonic 


Corynebacterixim 
alutamicum ' 
' Ii-15 


1,8 X 10^ 


9.8 X 10^ 


6.7 X 10^ 


Corynebacteriuiti 
glutamicum 
225-106 


2.3.x 10^ 


2.1 X 10^ 


2.3 X 10^ 


Corynebacterium 
herculis 

JLJ Ja» W 4^ 


1.2 X 10^ 


6.5 X 10^ 


2.4 X 10® 


Corynebacterium • 

herculis 

■ ATCC 13868 


1.3 X 10^ 


1.3 X 10^ 


1.4 X 10^ 


Brevibacteriiain 
divaricatum 


9.6 X 10^ 


1.1 X 10^ 


6.4 X 10® 


"Brevibacterium 
divaricatum 
ATCC 140^U 


1.2 X 10^ 


1.3 X 10^ 


1.4 X 10^ 


Brevibacterium 
lacto f eirmentum 
L-312 


1.0 X 10^ 


1.4 X 10- 


5.3 X 10® 


Brevibacterium 
lactofenaentum 
ATCC 13655 


1.1 X 10^ 


9.9 X 10® 


1.0 X 10^ 



With* all the parent strains, no formation of 
spherical protoplasts is observed and only normal cells csf. 
the short rod form are observed under a microscope after 
they are subjected toj^tion of lysozyme. The number of 
colonies , foxttied under hypotonic conditions is not 
substantially different before and after the lysozyme 
treatment. On the other hand, the lysozyme-ultrasensitive 
strains are converted to protoplasts by the action of 
lysozyme, and the ratio of the cells capable of foming 
. colonies under hypotonic conditionswhere the protoplast 
is killed by rupture (osmotic-resistant noimal cells) is 
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10"^ - 10*"^ per cell subjected to the lysozyme treatment. 
These protoplasts can form colonies under hypertonic 
conditions/ and their regeneration efficiency is 20 - 70% of 
the number of the cells subjected to lysozyme treatment. 
Cells from the regenerated colonies are normal, so they 
can grow on NB agar medium. 

Example 3 " . 

Transformation of the protoplasts prepared from 
the microorganisms of the present invention by plasmid pCG4 
DMA 

1) Preparation of plasmid pCG4 

Plasmid pGG4 for use in transformation in the 
present Example is extracted from the cultured cells. of 
Corynebacterium glutamicum 225-250 (PERM P-S939) ^ a micro- 
organism carrying pCG4, in the following manner. 

Five milliliters of ^eed culture of Corynebac- 
terium glutamicum 225-250 in NB medium is inoculated into 
400 ml of SSM medium. Culturing is carried out at 30*C with 
shaking. Optical density (OD) at 660 run is measured with a 
Tokyo Koden colorimeter and at OD 0.2 penicillin G is added 
to the broth in a final concentration of 0.5 U/ml. Further, 
growth is continued at 30**C to OD about 0.6. 

Cells are recovered from the culture broth, washed 
with TES buffer (pH 8.0) consisting of 0.03M tris (hydroxy- 
methyDaminomethane (Tris) , 0. 005M EDTA and 0.05M NaCl and 
suspended in a lysozyme solution (pH 8.0) consisting of 25% 
sucrose, O.IM NaCl, 0.05M Tris and 0.8 mg/ml lysozyme to • 
mcJce 10 ml of a suspension. The suspension is incubated at 
37*C for 4 hours. Then, 2.4 ml of 5M NaCl, 0.6 ml of 0.5M 
EDTA (pH 8.5} «and 4.4 ml of a solution containing 4 g sodium 
laurylsulf ate and 0.7M NaCl are added successively to the ^ 
reaction suspension. After the mixture is stirred slowly, 
it is kept on an ice-water bath for 15' hours. The whole 
lysate is put into a centrifugation tube and centirifuged 
under 69,400 x g at 4**C for 60 minutes to obtain a super- 
natant. To the supernatant is added 10% by weight 
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of polyethyleneglycol 6,000. After the mixture -is stirred 
slowly to dissolve it ^ it is kept on an ice-water bath^ 
After 16 hours, the mixture is subjected to centrifugation 
under 1,500 x g for 10 minutes to obtain a pellet. The 
5 pellet is redissolved in 5 ml of TES buffer and 2.0 ml of 
1.5 mg/ml ethidium bromide is added. Cesixam chloride is 
added to the mixture to adjust the density to 1.580. The 
solution is' subjected to centrifugation under 105,000 x g 
at 18 *C for 48 hours. After the density gradient centrifu- 

10 gation, a circular DNA closed with covalent bond is detected 
by DV irradiation as a high density band located in the 
lower part of the centrifugation tube. The band is teiken 
out from the side of the tube with an injector to obtain a 
fraction containing J^asmid pCG4. To remove ethidium 

15 bromide, the fraction is treated five times with an equal 

amount of cesituti chloride saturated isopropyl alcohol solu- 
tion consisting of 90% by volume of isopropyl alcohol and . 
-10% TES buffer. Then, the residue is subjected to dialysis 
against TES buffer. Thus, 15 yg of plasmid pCG4 is obtained. 

20 Plasmid pCG4 is a novel plasmid having a molecular 

weight of about 19 megadaltons, carrying genes for resistance 
to streptomycin and spectinomycin and having 4, 7, 9, 6 and 
6 restriction sites for EcoRI, .Bam HI, Hindm, Pst I and 
Sail respectively. 



25 



30 



35 



2) Transformation of the protoplasts with plasmid pCG4 
The lysozyme treated cells prepared in the same 
manner as in Example 2 are transformed with pCG4* Zero 
point five milliliters oi^ protoplast suspension is taken . 
into a small test tube,, centrifuged at 2,500 x G for 5 
minutes. The precipitate is resuspended in 1 ml of TSMC 
buffer (10 mM. magnesium chloride, 30 mM calcium chloride, 
50 mM Tris, 400 roM sucrose : pH 7.5) and washed by centri- 
fugation. The precipitated protoplasts are resuspended In* 
0.1 ml of TSMC buffer with gentle shaking. 

To the suspension is added 0.1 ml of a DNA solu- 
tion containing 0.2 pg of DNA which is prepared by diluting 
a pCG4 solution two-fold, with two-fold concentrated TSMC 
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buffer and the resultant mixture is stirred. Then, 0.8 ml 
of a solution containing 20% polyethylene glycol 6,000 in 
TSMC buffer is added to the mixture and the resultant mixture 
is gently stirred. Three minutes thereafter ^ the suspension 
is mixed with 2 ml of RCGP medium, and centrifuged at 2,500 
X 6 for 5 minutes to remove the supernatant. The precipi* 
tated protoplasts are. suspended in 1 ml of RC6P medium, diluted 
to several levels with RC6P medium; and spread onto ah SC6P 

• agar medium containing 400 pg/ml of spectinomycin. To 
determine the number of colony-forming cells, the protoplast 
suspension is highly diluted, spread onto an RCGP agar* 

'medium without spectinomycin and incubated at 30**C for 6 
days. 

The- colonies formed on the RCGP medium containing 
spectinomycin are plated onto an NB agar medium containing 
12.5 yg/ml of streptomycin and cultured at 30^*0 for 2 days 
to investigate cross resistance to spectinomycin and strepto- 
mycin. The strains showing cross resistance are selected 
at random, and^^asmid is isolated according to the proce- 
dure shown in Example 4. 

The results are summarized in Table 6. . 




\ 
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Table 6 
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Recipient 
microorganism 



Frequency of 
appearance of 
spectinomycin- 
resistant. 
cells * 



Properties of spectino- 
raycin-resistant cells ** 



Streptomycin 
cross 

resistance 



Presence 
of pC64 



Coirynebacterium 
gluta micura 

ii5-io6 • ■ 

Corynebacterium 
gluteimicum 
- L-15 



1.7 X 10 



-7 



2.4 X 10 



-3 



- (5/5) 



+ (50/ 50) 



- (2/2) 



+ (2/ 2) 



Corynebacterium 
herculis '■ T 
ATCC 13868 

Coryneba cterium 
herculis 
L-i03 



*** 



<1,3 X 10 



-7 



7.5 X 10 



-4 



+ (50/ 50) 



+ (2/2) 



Brevibacterium 
divaricatum 
ATCC 14020 

Brevibacterium 
divaricatum 
L-104 



3.5 X 10 



-7 



1.0 X 10 



-6 



- (5/5) 



4 (50/ 50) 



- (2/2) 



+ (2/2) 



Brevibacterixun 
lactof ermentnm 
ATCC 13655 

Brevibacterium 
lact ofermentum 
L-31i 



3.1 X 10 



-7 



2.4 X 10 



-6 



- (5/5) 



+ (50/ 50) 



- (2/2) 



+ (2/2) 



* Prec[uency per colony-forming microorganism 

(regenerated microorganism) under hypertonic 
conditions. 

** The ntunber of cells tested (denominator) and those 
of negative (-) or positive (+) cells (ntimerator) 
are illustrated in parentheses. 



*** Spectinomycin-resistant- cells are not obtained from 
•the strain. 



The spectinoroycin-resistzuit strains obtained by 
treating lysozyme-insensitive strains with lysozyme and pC64 
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plasmid show no streptomycin cross resistance ^ and pCG4 is 
not detected in these spectinomycin-resistant strains by the 
isolation procedure used for the strain 225-250. On the 
other hand, the spectinomycin-resistant strains obtained by 
5 treating lysozyme-ultrasensitive strains with lysozyme and 
pC64 plasmid have Streptomycin cross resistance, and the 
plasmid isolated from these strains give the same DNA frag- 
ments upon digestion with restriction endonuclease Hindnc 
as those from pCG4. 
10 The PERM P numbers of the transformants thus 

obtained are shown in Table 7 • 

Table 7 



15 


Recipient strain 


pCG4 

transfoxmant 


PERM P 


ATCC 




Corvnebacterium 
crlutamlcim i<i^ 


L15 / pCG4 


5950 


31835 


20 


Corynebacterium 
hercuais i.j.03 


L103 / pCG4 


5951 


31869 


Brevibacterium 
divaricatiim i*204 


1.204 / pC64 


5952 


31870 




Brevibacterium 
lactofexmentuiR L312 


L312 / pCG4 


5953 


31871 



25 



Example 4 

Isolation of pCG4 plasmid from the cells trans- 
formed with pCG4 
30 Five milliliters of ^eed culture in NB medium of 

each pCG4 transformant obtained in Example 3, Corynebacteritim 
qiutamicum L15/pCG4 , Corynebacterixam herculis L103/pCG4 , 
Brevibacterium divaricatxim L204/pCG4 or Brevibacterium 
lactofermentum L312/pCG4 is inoculated ±n 400 ml of NB 
medium and cultured with shaking at 30''C for 12 hours. 

The cells are collected from the culture broth, 
washed with TBS buffer, suspended in 10 ml of a lysozyme 
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solution (25% sucrose , O.lM NaCl, 0,05M Tris, O.B mg/ml 
lysozyme : pH 8) and subjected to incubation at 37®C for 
one hour. Then the reaction solution is successively 



admixed with 2.4 ml of 5M NaCl, 0.6 ml of 0.5M EDTA (pH 8.5) 
5 and 4.4 ml of a solution containing 4% sodium laurylsulf ate 
and 0.7M NaCl, gently mixed, and placed in ice -water for 15 
hours. The whole lysate is transferred into a centrif ugation 
tube/ and subjected to centrif ugation at 69,400 x G at 4®C 
for 60 minutes to obtain a supernatant fraction. 

10 Polyethylene glycol 6000 is added to the supernatant to make 
the final concentration 10% (W/W) with gentle stirring and 
the resultant solution is placed in ice water. Sixteen hours 
thereafter, pellets are recovered by centrif ugation at 1,500 
X G for 10 minutes, and dissolved in 5 ml of TES buffer. 

15 The solution is admixed with 2 ml of 1.5 mg/ml ethidium 

bromide and then with cesium chloride to give sl density of 
1.580. The solution is sxibjected to density gradient centri- 
-f ugation under the same conditions as described in Example 3 
to separate plasmid. The fraction containing pCG4 is treated 

20 with the isopropyl alcohol solution in the same manner as 
in Example 3 to extract and remove ethidiiua bromide, and 
dialyzed against the TES buffer. 



from all the lysozyme-ultrasensitive strains containing pCG4. 



In this manner, 15-30 yg of pCG4 DNA was obtained 
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What is claimed is : 

(1) A novel lysozyme-sensitive microorganism belonging 
to the genus ror ynebacterium or Brevibacterium and having a 
sensitivity to lysozyme at a concentration of less* than 25 
yg/ml. 

(2) A microorganism according to claim 1 , wherein the 
microorganism is selected from Corynebacterium glutamicum , 
r»^«.bacterium herculis, Brevibacterium divaricatum and 
ftT-p.vibacterium lactof erm entiam . 

(3) A microorganism according to claim 2, wherein the 
microorganism is selected from Corynebacterium glutamicum 
L-15 (FERM P-5946, ATCC 31834), Corynebacterium herculis 
L-103 (FERM P-5947, ATCC 31866), Brevibacterium divaricatum 
L-204 (FERM P-5948, ATCC 31867) and Brevibacterium lacto- 
fermentum L-312 (FERM P-5949, ATCC 31868). 

(4) A process for preparing a protoplast of a micro- 
organism belonging to the genus Corynebacterium or Brevi- 
bacterium which comprises treating a microorganism belonging 
to the genus r«^ ynebacterium or Brevibacterium and having a 
sensitivity to lysozyme at a concentration of less than 

25 pg/ml with lysozyme to form a protoplast of the micro- 
organism. 

(5) A process for transforming a microorganism belonging 
• to the genus r»rvnebacterium, or Brevibacterium which comprises 

treating a microorganism belonging to the genus Coryne- 
bacteriun or T^r.vibacterium and having a sensitivity to 
ivsozvme^at a concentration of less .than 25 pg/tal with 
Z7oz^e. introducing deoxyribonucleic acid into the resulting 
protoplast and regenerating the protoplast. 

(6) A process for using a microorganism belonging to 
the genus Corynebacterium or Brevibacterium and having a 
sensitivity to lysozyme at a concentration of less than 

25 vg/ml as a host in recombinant DNA technology. 
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(7) A novel lysozyme-sensitive microorganism belonging 
to the genus Co r y neb ac t e r i aim or Brevibacterium , having a 
sensitivity to lysozyme at a concentration of less than 25 
vg/ml and carrying pCG4 plasmid. 

(8) A microorganism according to claim 7, wherein the 
microorganism is selected from Corynebacterium glutamicvmi y. 
Corynebacteriiam herculis ^ Brevibacterium divaricatum and 
Brevibacterium lactofermenttam ^ 

(9) A microorganism according to claim 8^ wherein the 
microorganism is selected from Corynebacterium qlutamicum 
•L15/pCG4 (FERM P-5950r- ATCC 31835) , Corynebacterium herculis 
Ll03/pCG4 (FERM P-5951, ATCC 31869) r Brevibacterium 
divaricatum L204/pCG4 (FERM P-5952, ATCC 31870) and Brevi- 
bacterium lactofermentum L312/pCG4 (FERM P-5953, ATCC 31871) 



